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(54) Semiconductor device having at least three power terminals superposed on each other 



(57) The present has an object of reducing a wiring 
resistance caused by the wiring metal such as bonding 
wire, and self-Inductance, in a semiconductor device for 
large power, such as IGBT module. Therefore, the in- 
vention has at lest three or more power terminals (3. 4, 
8) superimposed on each other, wherein at least one 



semiconductor chip (2, 5) is connected electrically in a 
way to be sandwiched between predetermined two pow- 
er terminals among the power terminals. A power termi- 
nal (3) on one end among the aforementioned super- 
posed power temninals and a power terminal (4) on the 
other end among the superposed power terminals can 
be led out in the same direction, for example. 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor device for large power, such as IGBT module. Also, 
the invention is applied to the structure of semiconductor 
device required to reduce the power loss. 
[0002] A structure, as shown in FIG. 9 for Instance, is 
known as an example of semiconductor device for large 
power according to the prior art. Here, this example re- 
lates to the structure of IGBT module. 
[0003] In FIG. 9A, a collector side of an IGBT chip 65 
and an n layer side of a diode chip 66 are soldered re- 
spectively, on a Cu pattern 63 of the surface of a DBC 
(Direct Bond Copper) substrate wherein copper conduc- 
tors sandwich an insulation substrate 67 of alumina. An 
emitter side of the IGBT chip 65 and a p layer side of 
the diode chip 66 are connected with an external power 
temrilnal 61 , through an Al bonding wire of, for example, 
200 to 500 |im<t>, extending from both chips. On the other 
hand, the surface Cu pattern 63 is connected to an ex- 
ternal power terminal 62. Such structure is place on a 
heat radiation plate 69. In FIG. 9 A, a gate tenninal 70 
shown in FIG. 9B Is not illustrated. 
[0004] On the other hand, in a conventional module 
structure as shown in FIG. 9A, the external power ter- 
minal 61 is connected with the chip 65, 66 through the 
bonding wire 64. Consequently, wiring resistance 
caused by the bonding wire 64 and self -inductance in- 
crease inconveniently. 

[0005] Therefore, the present invention is devised 
considering problems of the aforementioned structure, 
and has an object of providing a semiconductor device 
for large power, such as IGBT module, reducing a wiring 
resistance caused by the wiring metal such as bonding 
wire, and self-inductance, and further improving the 
heat diffusion. 

[0006] The present invention relates to a structure for 
reducing a wiring resistance caused by the wiring metal 
such as bonding wire, and self-inductance, and further 
improving the heat diffusion , and is a semiconductor de- 
vice having at least three or more power terminals su- 
perimposed on each other, at least one semiconductor 
chip arranged in a way sandwiched between two prede- 
temnlned power temiinals among the power terminals, 
wherein the two power temiinals and the semiconductor 
chip are connected electrically each other. 
[0007] By providing such a configuration, it becomes 
possible to reduce considerably the voltage drop due to 
the internal wiring, because the connection between 
semiconductor chips and power terminals is realized by 
a short distance and through a surface. Also, in a case 
of adopting an array for flowing current mutually in the 
opposite direction in a way to reduce the inductance 
component of the extemal power temninal, it is possible 
to intend to reduce further by a mutual inductance. 
[0008] Further, it is possible to realize a structure un- 
necessary to connect additionally a new another heat 
radiation plate, as the power terminals of both upper and 



lower ends and the relay power terminal function as heat 
radiation plate, allowing to intend to reduce the process 
load and to cut the cost. In addition , it is possible to make 
a structure not requiring an Insulation substrate for wir- 
5 ing layout. Therefore, a low heat resistance can be re- 
alized, as it becomes unnecessary to use an insulation 
substrate of lower heat conductivity than the metal. 
[0009] This summary of the invention does not nec- 
essarily describe all necessary features so that the In- 
vention may also be a sub-combination of these de- 
scribed features. 

[0010] The invention can be more fully under stood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1A shows a first embodiment of the present 
invention, and Is a circuit diagram of an IGBT mod- 
ule of half bridge configuration; 
FIG. 1 B is a section view of the IGBT module of half 
bridge configuration in the first embodiment; 
FIG. 1C is an inside plan view of the IGBT module 
of half bridge configuration in the first embodiment; 
FIG. 2A is a circuit diagram of an IGBT module of 
6in1 structure according to a second embodiment; 
FIG. 2B is an inside plan view of the IGBT module 
of 6in1 structure of the second embodiment; 
FIG. 3 is an inside plan view In a case of modifying 
the layout of a control terminal which Is a third em- 
bodiment; 

FIG. 4 is an inside plan view in a case of modifying 
the chip layout which is a fourth embodiment; 
FIG. 5 shows a fifth embodiment and is an inside 
plan view in a case of modifying the layout of a relay 
power terminal of the first embodiment; 
FIG. 6 shows a sixth embodiment and is an inside 
plan view in a case of dividing the extemal power 
terminal of the second embodiment; 
FIG. 7A shows a seventh embodiment and is a 
drawing in a case of connecting by pressure weld- 
ing both faces of the chip and respective external 
power terminals of the first embodiment; 
FIG. 7B shows similarly the seventh embodiment 
and is a drawing in a case of connecting by pressure 
welding one face of the chip of the first embodiment 
to the extemal power temilnal, and the other to the 
power temnlnal by soldering; 
FIG. 7C is a plan view showing the inside in a case 
of the aforementioned pressure welding connec- 
tion; 

FIG. 6A shows an eighth embodiment and is a cir- 
cuit diagram in a case of Inverting the polarity of one 
IGBT of IGBTs of the first embodiment; 
FIG. 8B Is a section view of FIG. 8 A; 
FIG. 9A is a section view showing the structure of 
a conventional IGBT; and 

FIG. 9B Is a circuit diagram of the conventional IG- 
BT. 



15 



20 



25 



30 



35 



40 



45 



SO 



3 



BNSDOCID: <EP 1172a50A2_L> 



i 

3 EP1 172 850 A2 ' 4 



[001 1 ] tn an IGBT module of the prior art as shown in 
FIG. 9. electrodes and Cu patterns or the like on the IG- 
BT chip and diode chip are connected electrically to the 
external power tenmlnal through bonding wire. In this 
case, for a module requiring, for instance, a large cur- 
rent; the number of bonding wires is increased to re- 
spond to the required large current. However, since 
bonding wires each having a certain length are used, 
the resistance of bonding wires and the self-inductance 
caused by their length increase. 
[0012] Considering this problem, the invention is for 
connecting directly the IGBT chip and the external pow- 
er temninal as shown in FIG. 1 B for example, In order to 
solve the problem of increase of bonding wire resistance 
and inductance. Thereby, it is proposed to provide a 
specific structure for reducing resistance component 
produced by the use of bonding wire and self-Induct- 
ance component. 

[0013] In this case, as for the external power terminal 
disposed in the upper part and the lower part, a structure 
for flowing current inversely is adopted. Such a structure 
allows to reduce the inductance by the mutual induct- 
ance effect. At the same time, the adoption of a stmcture 
allowing to use the extemal power terminal as heat ra> 
diation plate realizes the reduction of heat resistance by 
avoiding to use as separate heat radiation plate and the 
cost reduction by eliminating a part. 
[0014] In short, in a IGTB module for example, the in- 
vention intends to reduce the resistance and the induct- 
ance of power wiring portion, and cut the cost, by con- 
necting external power terminals directly to the top face 
electrode and the bottom face electrode of an IGTB chip. 
[0015] Now, the invention will be described in detail 
based on embodiments shown in accompanying draw- 
ings. The following description is one embodiment con- 
cerning the invention, and has an object to illustrate the 
general principle of the invention, and the invention Is 
not limited to the configuration described concretely in 
this embodiment. The invention can also be applied, for 
instance, to thyristor module, power transistor and pow- 
er IC or the like In addition to IGBT module described in 
detail in the specification. Similar elements in the follow- 
ing detailed description and illustration of drawings are 
represent by the similar reference numbers. 

(Rrst embodiment) 

[0016] FIG. 1 A shows a IGBT module 1 having a half 
bridge configuration, which is a first embodiment of the 
present invention. The a circuit diagram of this IGBT 
module 1 is shown in FIG. 1 A, a schematic section view 
of this IGBT module is shown in FIG. 1 Band a plan view 
showing the schematic configuration of this IGBT mod- 
ule inside is shown in FIG. 1C. 

[0017] In the IGBT half bridge circuit shown in FIG. 
1 A, two IGBT elements 2 are connected in series and a 
collector 7 of one IGBT element and an emitter of the 
other IGBT element are connected respectively to a first 



and a second extemal power elements 3, 4. In addition, 
diodes 5 are connected respectively in parallel to the 
emitter 6 and the collector 7 of respective IGBT ele- 
ments. A relay power tenmlnal 8 which is third extemal 
5 power element is connected between two IGBT ele- 
ments. Control tenninals 10, 21 are connected respec- 
tively to a gate of two IGBT elements 2. 
[0018] The structure of this IGBT module is shown in 
FIG. 1B and FIG. 1C. In the section view of FIG. 1B, a 
10 collector side electrode of a first IGBT chip 11 and a n 
layer side electrode of the first diode chip 12 are con- 
nected to a first extemal power terminal 3 of the lower 
part by soldering or the other methods. A metal film is 
formed on each electrode in order to facilitate a connec- 
ts tion. In this case, other than soldering, both electrodes 
can be adhered using, for instance, a conductive resin. 
Here, an Insulator layer 22 made, for example, of poly- 
Imlde resin, epoxy resin or the like, may be an-anged 
around the IGBT chip 11 and the diode chip 12 for se- 
20 curing a mutual insulation of the IGBT chip 11 and the 
diode chip 1 2. Copper or copper alloys excellent in heat 
conductivity and electric conductivity are used in gener- 
al, for the external power terminals 3, 4 and the relay 
power temninal 8, and DBC substrate is used as neces- 
25 sary. These terminals function also as heat diffusion 
member for diffusing head generated in respective 
chips. 

[0019] A metal film Is formed on an emitter surface 13 
of the aforementioned IGBT chip 11 and a p layer sur- 

30 face 71 of the diode chip 12 for facilitating the electric 
connection. Then, the relay powertenminal 8 is connect- 
ed to the semiconductor chip by soldering or other meth- 
ods, through a buffer plate 15 of molybdenum thin plate 
or the like, for example, to buffer the stress generated 

35 between the semiconductor chip and the electrb termi- 
nals. Copper or copper alloys are used also for the relay 
power terminal 8 as for the first extemal power terminal, 
and DBC substrate is used as necessary. 
[0020] A control terminal 1 0 is also connected to a 

40 gate surface 1 4 of the IGBT chip 1 1 , similarly through a 
buffer plate 1 5. It Is preferable to form this control termi- 
nal in a molded resin holder 17 constituting a housing 
for the IGBT module 1 . As necessary, an insulation layer 
1 6 Is provided between the relay power terminal 8 and 

45 the control terminal 1 0. As the other structure, It Is also 
possible to connect the control terminal 1 0 and the gate 
surface 14 by wire bonding (refer to control tenninal 38 
and bonding wire 39 in FIG. 3). 

[0021 ] By a method similar to the case of the external 
50 power terminal 3, a second IGBT chip 1 8 and a second 
diode chip 19 are further connected to the relay power 
terminal 8 by soldering or other method. And further, a 
second extemal power tenninal 4 is connected to the 
surface of respective second chips 18, 19 by soldering 
55 or other methods through a buffer plate 1 5. Copper, cop- 
per alloys or DBC plate Is used similariy f or the extemal 
power terminal 4. In this embodiment, the extemal pow- 
er tenninals 3, 4 and the relay power terminal 8 have an 
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elongated thin plate configuration, have an area 54 con- 
nected to the semiconductor chips and a lead out area 
55 to the outside, and have a thicl<ness enough for fa- 
cilitating heat diffusion to the outside. 
[0022] In such arrangennent, at least the external pow- 
er terminal 3 and the external power terminal 4 are ar- 
ranged in parallel and opposed to each other, and dis- 
posed so that the current flowing in respective external 
power temninals 3, 4 flows In the opposite direction. 
[0023] A control temninal 21 is also connected to a 
gate surface 20 of a second IGBT chip 1 8 by soldering, 
bonding or other methods. Though FIG. 1B shows an 
example of connecting the control tennlnal21 by solder- 
ing, it may also be connected by wire bonding similarly 
as the control terminal 1 0 of the first IGBT chip 1 1 . As 
necessary, an insulation layer 16 is provided between 
the second external power terminal 4 and the control 
temnfnal 21 . The assembling operation can be facilitated 
by forming also this control terminal 21 In the resin hold- 
er 17 beforehand. 

[0024] It is preferable to arrange an Insulator layer 22 
made, for example, of polyimide resin, epoxy resin or 
the like, around the IGBT chips 11, 18 and the diode 
chips 12, 19 for securing a mutual Insulation between 
chips and between electrodes. 

[0025] FIG. 1C shows a plan view of the module in- 
side. The second external power terminal 4 is constitut- 
ed to cover entirely an emitter electrode 23 of the second 
IGBT chip 18 and a p layer side electrode 24 of the sec- 
ond diode chip 19. A through hole 71 is formed in the 
second extemal power tenminal 4 and relay power ter- 
minal 8 for connecting with the power temninal of a pow- 
er apparatus using this IGTB module. A external power 
terminals (not shown) may also have a similar structure. 
[0026] The adoption of such configuration reduces 
considerably the voltage drop by the internal wiring, be- 
cause the connection between electrodes of IGBT chips 
11,18 and external power terminals 3, 4, 8 is realized 
by a short distance and through a surface. Also, in a 
case of adopting an array of the external power termi- 
nals 3 and 4 for flowing current mutually in the opposite 
direction in a way to reduce the inductance component 
due to the wiring, it is possible to intend to reduce the 
mutual inductance. 

[0027] Further, In addition to the external power ter- 
minals 3 and 4, the relay power terminal 8 can be made 
to function as heat radiation plate, thereby making it un- 
necessary to connect additionally a new another heat 
radiation plate, allowing, therefore, to intend to reduce 
the number of processes during assembling or use of 
the module, and to cut the cost. 

[0028] In addition, the insulation substrate for electric 
wiring layout is not required, thereby making it unnec- 
essary to use an insulation substrate of lower heat con- 
ductivity than the metal, and a low heat resistance can 
be realized. 



6 

(Second embodiment) 

[0029] FIG. 2 shows an IGBT module 25 of 6in1 struc- 
ture which is a second embodiment of the invention. 

5 Here, FIG. 2A shows the circuit diagram of an IGBT 
module, and FIG. 2B shows the module inside plan view. 
[0030] In the second embodiment, a single module Is 
constituted by connecting In parallel three circuits of IG- 
BT module of the first embodiment. Three upper IGTB 

10 26 are arranged on three lower IGBT 28, and upper and 
lower IGBT 26, 27 are connected respectively in series, 
forming a three phased structure. In addition, three up- 
per diodes 27 are arranged on three lower diodes 29, 
and upper and lower diodes are connected in parallel 

^5 respectively to the corresponding IGBT. 

[0031] Respective phase is bound respectively to the 
first external power tenninal 30 and the second external 
power terminal 31 Integrating three phases. A relay 
power temninal 32 is formed at the junction of upper and 

20 lower elements of each phase, and control terminals 33, 
34 to be connected to the gate of each IGBT 26, 27 are 
formed. The internal structure is similar to the first em- 
bodiment shown In FIG, 1 B and FIG. 1C, but an insula- 
tion layer 35 can be provided for securing insulation be- 

25 tween respective phases. A resin holder 36 fonms a 
housing for the module 25. 

[0032] Having the aforementioned configuration, the 
second embodiment can realize the simplification of 
structure and the miniaturization of apparatus in a case 
30 of using as three-phased module, in addition to the ef- 
fects mentioned for the first embodiment. 

(Third embodiment) 

35 [0033] FIG. 3 shows the inside plan view of a third em- 
bodiment modifying the structure of thecontrol temninals 
21 , 1 0 and the second external power terminal 4 of the 
first embodiment. It is different from thefirst embodiment 
in that a structure for connecting an IGBT chip 37 and 

40 a control terminal 38 by a bonding wire 39 (or soldering) 
and taking out the control temninal 38 from the center of 
a module 40. As necessary, it is also possible to consti- 
tute to bring a signal system emitterterminal41 near the 
control tenninal 38 and to output directly from the exter- 
nal power terminal 4. Such a configuration makes easy 
to bound the control apparatus with the control system 
circuit, especially to dispose the wiring, in a case of us- 
ing the IGBT module for power control apparatus or oth- 
ers. 

50 

(Fourth embodiment) 

[0034] FIG. 4 shows the inside plan view of a fourth 
embodiment modifying the chip layout of the first em- 
5S bodiment. It is different from the first embodiment in that 
the positions of IGBT chip 37 and diode 43 are modified. 
As for layout of the control terminal 38, the structures of 
the first embodiment and the third embodiment can be 
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applied. 

[0035] Adopting such a configuration, a structure that 
can realize a still lower resistance and a still lower in- 
ductance can be made, because the distance between 
the IGBT chip 37 and the external connection position 
of the second external power tennlnal 4 becomes still 
shorter. As necessary, it Is also possible to arrange the 
signal system emitter 41 near the control terminal 38. 

(Fifth embodiment) 

[0036] As shown in FIG. 5, the fifth embodiment mod- 
ifies the layout of the relay power terminal 8 of the first 
embodiment. The Inside plan view of the fifth embodi- 
ment Is shown In FIG. 5. It Is different from the first enrv 
bodiment In that the leading out direction of the relay 
power terminal 8 is perpendicular to the leading out di- 
rection of the second external power temninal 4. 
[0037] Adopting such a configuration, the distance 
between the relay power terminal 8 and the external 
power terminal 45 becomes shorter, allowing to intend 
to reduce the electric resistance between the external 
power terminal 45 and the relay power temninal 8. 

(Sixth embodiment) 

[0038] FIG. 6 shows the structure of a sixth embodi- 
ment. The sixth embodiment is for dividing the second 
external power temninal 31 of the second embodiment 
shown in FIG. 2 and a first external power temninal (not 
shown) respectively into three phases. FIG. 6 shows the 
inside plan thereof. It is different from the second exam- 
pie in that, as mentioned above, the second external 
power temninal 31 of FIG. 2 (similar for the first external 
power temninal) is divided into three eternal power ter- 
minals 44 to 46 for each phase. 
[0039] Adopting such configuration, it becomes pos- 
sible to intend to miniaturize the module portion and to 
reduce the number of processes of assembling, in an 
application of simply using and arranging three IGBT 
modules 1 of the first embodiment In parallel. Therefore, 
it can be Intended to cut the cost of the module portion. 

(Seventh embodiment) 

[0040] FIG. 7 shows an embodiment In a case of 
adopting the pressure welding for respective semicon- 
ductor chips and respective power temninals of the first 
example, in place of connection by soldering. FIG. 7A 
shows a case of connecting by pressure welding 47 both 
faces of the IGBT chip and diode chips, and FIG. 7B 
shows a case of connecting by pressure welding 47 only 
one face of each chip, and the other face by soldering 
42. FIG. 7C shows the Inside plan view of a case of 
adopting the pressure welding connection. 
[0041] The seventh embodiment has a structure of 
laminating in order an external power temninal 4, a buffer 
plate 15, semiconductor chips 18, 19 such as IGBT, di- 



ode or the like wherein an aluminum electrode isfomned 
by deposition or others, for instance, as pressure weld- 
ing face, a relay power temninal 8. a buffer plate 15 
made, for example, of a molybdenum plate, semicon- 

s ductor chips 11, 12= and an extemal power terminal 3. 
A structure wherein both electrode faces of the semi- 
conductor chip are connected by pressure welding 47 
is shown in FIG. 7A. A structure wherein the electrode 
face of one side of respective semiconductor chips is 

10 connected by pressure welding 47 and the other face is 
connected by soldering is shown in FIG. 7B. When the 
pressure welding method is adopted, a method for pro- 
viding a screw fixing hole 48 on the extemal power ter- 
minal for pressure welding, and fixing the upper and low- 

^5 er extemal power temninals 3, 4 by pressure as shown 
for instance in FIG. 7C can be adopted. The contact re- 
sistance can be reduced by adopting such configura- 
tion. 



[0042] FIG. 8A shows a configuration for inverting the 
polarity of one IGBT 52 (upside in the drawing) of two 
IGBTs of the first embodiment. According to this inver- 
sion, the diode 73 of the corresponding side is also In- 
verted. Then, the emitter of one IGBT 52 is connected 
to the fourth power temnindl, and the emitter of the other 
IGBT 53 Is connected to the fifth power terminal, both 
collectors 7 are connected mutually for connecting with 
a mutual power terminal 51 . FIG. 8A shows the circuit 
diagram, and FIG. 8B shows the sectional structure 
drawing thereof. 

[0043] This configuration has an advantage of facili- 
tating the parallel connection of two IGBT elements 52, 
53, and increasing the power by such a connection, by 
connecting the fourth power terminal 49 and the fifth 
power terminal 50. 

[0044] Several embodiments of the invention have 
been illustrated and described above. However, embod- 
iments of the present invention described herein are 
simply representative embodiments, therefore, various 
modifications can be made without departing from the 
technical scope of the present Invention. In addition, oth- 
er than the IGBT module. It can be applied to the large 
power semiconductor elements such as thyristor, GTO 
module, power IC or others. 



Claims 

1. A semiconductor device characterized by com- 
prising at least three or more power terminals (3, 4, 
B) superimposed on each other, and at least one 
semiconductor chip (2, 5) is connected electrically 
in a way to be sandwiched between predetermined 
two power temninals (3. 8 or 4, 8) among said power 
terminals, in a semiconductor device for large pow- 
er. 



20 (Eighth embodiment) 
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3. 



The semiconductor device according to claim 1, 10. 
characterized in that a power tenninal on one end 
among said superposed power terminals (3, 4, 8) 
and a power terminal (3, 4) on the other end among 
said superposed power terminals are led out in the s 
same direction. 

The semiconductor device according to claim 2, 
characterized In that a power tenninal (8) posi- 
tioned at the middle among said superposed power io 
temninals (3, 4, 8) is led out in a direction opposite 
to or perpendicular to a powerterminal (3, 4) on said 
one or other end. 



The semiconductor device according to claim 4, 
characterized In that the power terminals (4, 8) po- 
sitioned on one end of said power temitnal and the 
power tenninal on the other end have a screw fixing 
structure (48) so as to connect semiconductor chips 
by pressure welding between any two power termi- 
nals of said power temninals superimposed on each 
other. 



The semiconductor device according to claim 1, 
characterized in that one face of said at least one 
semiconductor chip (2, 5) sandwiched between said 
two power temninals Is connected to one powerter- 
minal of said two power terminals by soldering or 
pressure welding, and the other face Is connected 
to the other power tenninal of said two power termi- 
nals by soldering or pressure welding through a 
buffer plate (15). 

The semiconductor device according to claim 1, 
characterized in that said at least one semicon- 
ductor chip (2, 5) operates, so that the current flows 
in the opposite direction for the power terminal on 
one end among said superposed power tenninals 
(3, 4, 8) and for the powertemninal (3, 4) on the other 
end. 
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6. The semiconductor device according to claim 1, 
characterized in that said at least one semicon- 
ductor chip sandwiched between said power termi- 
nals Is made of a plurality of sembonductor chips 
(2, 5), and an insulation layer (22) is provided 
among said semiconductor chips. 

7. The semiconductor device according to claim 6, 
characterized in that said plurality of semiconduc- 
tor chips comprises at least one transistor (2), and 
at least diode (5), and a control electrode (38) is 
connected to said transistor 

8. The semiconductor device according to claim 7, 
characterized in that said control electrode (38) 
and a control electrode pad of said transistor (2) are 
connected by wire bonding (39), or connected di- 
rectly by sandwiching a buffer plate. 

9. The semiconductor device according to claim 7, 
characterized in that said control electrode (38) is 
led out In a direction opposite to or perpendicular to 
a powerterminal (4, 8) positioned on one end of said 
power tenninal or on the other end of said power 
terminal. 
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FIG.3 
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